Introduction. Competition wheelchairs are required to have various functions, such as quick turn, sudden start, sudden braking, and high speed driving. A previous study which examined athletes' muscle strength and shoulder pain revealed that the relationship between muscle weakness and shoulder pain was due to atrophy of the muscles around the shoulder blades (1) . In the study, one of the causes also proposed that a suitable wheelchair for the athlete's body may not have been used. Therefore, if it is possible to evaluate the competition wheelchair by taking into account the physical load of the athlete, a suitable wheelchair may be selected for the athlete individually, and may lead to the reduction of injury risk and improvement of the performance.
The objective of this study was to estimate the muscle force (MF) during a forward liner operation of the wheelchair using an inverse dynamics analysis, and to investigate influences of design parameters for the wheelchair on the muscle activity. In this study, the motion for the wheelchair operation was obtained using an optical motion capture system, and the AnyBody Modeling System (AnyBody Technology Inc.) was used for the musculoskeletal simulation.
Expression of Wheelchair Measured Operation.
The operation of the wheelchair was represented by introducing the 3D coordinate data of markers attached on the subject and the wheelchair, which were tracked at 100 Hz, into the constructed models of the body and the wheelchair, as shown in Fig. 1 The body model was constructed by scaling the body size and reducing the muscle strength from the standard model, which was installed in the AnyBody, based on the height and weight, and the disability of the subject, respectively. The constructed wheelchair model's camber angle, axle position, and wheel diameter were set as the design parameters; in particular, this study focused on the axle position. The simulation model was represented by restraining the contact area between the body and the frame and seat of the wheelchair. Estimation Results. Fig. 2 shows the simulation results of MF histories during the push progress (Pp). The motion during operation consists of two phases which push and pull the tire. In this study, the Pp is defined as the push phase which contributes to the propulsion of the wheelchair, and is represented as the normalized time. The MF around the shoulder tended to significantly act during Pp 0-30% and increase during Pp 60-90%. The MF around the elbow also tended to increase during Pp 30-60%, whereas the result for the MF around the wrist tended to slightly change during Pp 10-30%. In light of the trend for each muscle activity, the simulation results for the shoulder with changes in the axle positions were compared. Fig. 3 shows the simulation results of MF histories around the shoulder with changes of the height of axle position from the standard at 50 mm intervals. The MF during Pp 0-40% in the case of the lower axle positions tended to be smaller than those of the standard and higher positions. The trend is thought to be caused by the changes in the posture of the arm and the range of motion in the shoulder joint during operation, coupled with changes in the axle position. The MF of the subscapularis, in particular, tends to be affected by the axle positions. This suggests the possibility that the burden of the shoulder can be reduced by changing the axle position, that is, by setting the axle to a lower position under the conditions in this study.
Conclusion.
The muscle activity during the wheelchair operation was estimated by representing the motion obtained using the 3D motion capture system. The burden of MF around the shoulder may be the highest during the Pp. The trend of the MF with different design parameters suggests that lower setting of axle position contributes to a reduction of the MF around the shoulder.
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